, American hop latent virus (AHLV)2,6), prunus necrotic ringspot virus (PNRSV)8,9,26), apple mosaic virus (ApMV)24) and arabis mosaic virus8). The first three viruses are carlaviruses and with the exception of HMV they infect hop plants latently. The other three viruses have isometric particles and induce several diseases in hop plants8,9,24,26).
In Japan, two viruses have been isolated from commercial hop plants25). One was serologically identified as ApMV24) and induced ring and band pattern mosaic disease in hop plants24). The other was the filamentous virus reported by Inoue and Murayama13-15), which seemed to be HLV because it infected hop plants latently and induced necrotic local lesions in the inoculated leaves of Phaseolus vulgaris23). These two viruses, however, were not characterized in detail, especially their nucleic acids and proteins, and their distributions in hop gardens in Japan were not thoroughly investigated.
In this paper, we report some properties of HLV and ApMV isolated from hop plants and the distribution of these viruses in hop gardens located in five prefectures in Japan. Serology. Antisera against HLV and ApMV were prepared in rabbits by intramuscular injec tions of purified virus preparations (0.15-0.2mg for HLV and 0.7-1.0mg for ApMV) emulsified with an equal volume of Freund's complete adjuvant on four successive weeks.
MATERIALS AND METHODS
Immunosorbent electron microscopy (ISEM) was conducted as described by Milne and Luisoni16j using antisera against HLV, HMV and AHLV which were kindly supplied by Dr. A. N. Adams. Double diffusion tests12) were conducted to clarify the serological relationships of ApMV isolated in this study with other ilarviruses. Antisera against the follwoing viruses were used; ApMV isolated from hop, PNRSV isolated from peach (these two antisera were kindly supplied by Dr. T. Sano), ApMV and PNRSV isolated from hops (kindly supplied by Dr. R. E. Klein) and Humulus japonicus virus (HJV)3) (kindly supplied by Dr. A. N. Adams).
Detection.
For the detection of HLV from hop plants, dot-immunobinding assay (DIBA) was carried out as described by Yoshikawa et al.28) Leaf samples (0.05g) were ground with 0.165M disodium phosphate, 0.018M trisodium citrate (pH 9.0) containing 0.1% diethyldithiocarbamate (DIECA), 0.5% 2-Me, 0.5mM ethylenediaminetetraacetic acid and 2% PVP and the resulting saps were applied to the nitrocellulose sheets. Antiserum against HLV isolate Y-7, which had been cross-absorbed with an extract of healthy hop leaves, was used at a dilution of 1/2,000 as a first antibody. ApMV was assayed by indirect ELISA described by Koenig16). Leaf saps were prepared by grinding tissues (0.2g) with 1ml of 0.02M phosphate buffer (pH 8.0) containing 0.01M DIECA and 0.02M thioglycolic acid, followed by centrifugation for 5min at 10,000 rpm and dilution in 0.05M carbonate buffer (pH 9.6) at 1/10 to give a final dilution of 1/50. Anti-ApMV IgG (1mg/ml) which had been cross-absorbed against healthy C. quinoa proteins was used at a dilution of 1/1,000.
Anti-rabbit IgG goat IgG conjugated with alkaline phosphatase (Tago Inc.) was used as a second antibody at a dilution of 1/2,000 in both DIBA and indirect ELISA.
RESULTS

Reactions of indicator plants
Leaf extracts of a Y-7 hop plant were inoculated to several indicator plants. In P. vulgaris, pinpoint brown spots appeared in the inoculated primary leaves within 6 days. The virus also infected the inoculated leaves of C. murale symptomlessly, but it did not infect N. clevelandii and N. debneyi which are known to be susceptible hosts for HMV, or C. quinoa and D. stramonium which are diagnostic hosts for AHLV. These reactions indicated that the Y-7 plant had been infected with HLV, but not with HMV and AHLV. antisera against HMV and AHLV (Table 1) . Thus, the filamentous virus isolated in this study was serologically identified as HLV.
In a double diffusion test, our isolate of ApMV formed precipitation lines with homologous antiserum and antisera against ApMVs isolated in America and Japan, but not with antisera against HJV and PNRSVs isolated from hop and peach (Fig. 5 ).
Distribution
The distributions of HLV and ApMV were investigated in 21 hop gardens located in 5 prefectures in Japan. HLV was detected in 75.2% of samples (158/210 samples), the incidence ranging from 40-100% within the gardens (Table 2) .
ApMV was detected in 37.2% samples (67/180 samples). Some infection occurred in 14 of the 18 gardens tested (Table 2) .
DISCUSSION
The filamentous virus isolated from a symptomless hop plant (Y-7) was identified as HLV from the reactions of indicator plants and from serological tests using antisera against three carlaviruses from hop plants. HLV was detected in 75.2% samples from hop gardens located 5 prefectures. The virus occurred in all gardens although the incidence of HLV infection varied between gardens. The incidence of ApMV (37.2%) was lower than that of HLV. However, more than 50% of samples were infected with ApMV in 9 hop gardens out of the 18 tested. In these gardens the reduction of yield by ApMV infection could be considerable, because ApMV can induce severe symptoms in hop19, 14) . The difference between the incidences of HLV and ApMV in hop gardens might be due to the different modes of transmission of these two viruses. HLV infection might occur at a high level because it can be transmitted by the damson-hop aphid5). In contrast, ApMV apparently does not have an insect vector and may not be transmitted through pollen because male hops are not cultivated in commercial hop gardens in Japan.
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